Introduction: Hepatitis C virus (HCV) infection is a blood-borne communicable disease that, in perhaps 20% of cases, results in a chronic disease. However, traditional peginterferon/ribavirin therapies pose many adverse side effects that are difficult to tolerate, and many patients do not complete the therapy. However, healthcare access to these newer, efficacious treatments are reduced, due to inadequate or lack of coverage of direct acting antiviral (DAA) medication. The objective of this study was to evaluate the impact of HCV treatment regimens on outcomes of care for HCV-infected Medicaid beneficiaries without cirrhosis/liver disease scarring. Methods: A cohort analysis was performed to evaluate the changes in cirrhosis, hepatocellular carcinoma (liver cancer), and liver transplantation with use of HCV treatments in Medicaid beneficiaries with HCV, and was followed over a period of 10 years. The cohort of Medicaid beneficiaries and relevant variables were generated from published literature. Results: Finally, considering the impact on health expenditures due to improved access to new treatments in Medicaid beneficiaries, DAAs resulted in the lowest decompensated cirrhosis and hepatocellular carcinomarelated healthcare cost per person over the 10-year time frame the cohort was followed. Conclusions: The risk of liver-related disease is higher in patients with cirrhosis, as reaching treatment success results in continued disease progression, not normal health status; thus, liver cancer healthcare costs are higher in patients with cirrhosis, compared to those without cirrhosis.
Introduction
Hepatitis C virus (HCV) infection is a blood-borne communicable disease that, in perhaps 20% of cases, results in a chronic disease, spanning an ''indolent course.'' 1 The sequela of HCV infection ranges from acute to chronic forms of liver disease, cirrhosis, and liver cancer. 2 The HCV infection increases the risk of liver-related negative health outcomes. Patients may experience jaundice, dark urine, and nonspecific symptoms such as nausea, fatigue, and anorexia. 3, 4 The HCV infection can result in several degrees of liver fibrosis and damage (cirrhosis).
The level of liver damage is classified based on the grade of inflammation and the stage of fibrosis (F0-F4, where F0 mild hepatitis/no fibrosis), depending on the extent of damage to and inflammation of the liver. 5 Patients in the compensated cirrhosis (F4) do not experience symptoms of hepatitis, and have a significantly higher survival rate than those with decompensated cirrhosis. 6 More than 2.7-3.9 million people with HCV infection live in the United States, and the disease causes long term decreased health related quality of life. 4, 7, [8] [9] [10] [11] [12] [13] [14] [15] A majority of these cases are prevalent rather than incident. 16 The mortality due to HCV infection now exceeds human immunodeficiency virus in cause specific mortality. 4, 17 Mortality due to HCV infection and liver cancer is predicted to increase, corresponding with the duration of infection.
It was forecasted that although the incidence of HCV infection declined during the 1990s, individuals infected for more than 20 years would increase substantially before cresting in 2015. 19 Due to lack of HCV screening of blood supplies before 1992, individuals who have had blood transfusions/exposure may be at a higher risk for HCV. 20 The peak of HCV infection prevalence occurs in the population younger than 55 years and disproportionally affects the poor. 21, 22 Treatment to reach sustained virologic response is desirable as this reduces the risk for the noted sequelae of HCV infection. 10 Sustained virologic response is attained when the hepatitis C viral RNA cannot be detected in the patient's bloodstream for 6 months. 23, 24 Length of treatment for peginterferon and ribavirin regimens can be 48 weeks, with weekly peginterferon injections and ribavirin pills taken once daily, orally. 25 However, traditional peginterferon/ribavirin therapies pose many adverse side effects that are difficult to tolerate, and many patients do not complete the therapy. 26 A new wave of treatments for HCV infection entered the market, with the approval of direct acting antivirals (DAAs) by the Food and Drug Administration. Currently approved DAA treatments include simeprevir, sofosbuvir, ledipasvir, ombitasvir/paritaprevir/ ritonavir with dasabuvir, daclatasvir-sofosbuvir, elbasvirgrazoprevir, and most recently, sofosbuvir-velpatasvir. 4, [27] [28] [29] Before the newly approved oral DAA agents, most newly detected cases of HCV infection did not prompt antiviral medication due to side effects and limited efficacy of peginterferon/ribavirin regimens. Health disparities arise since the disease progresses slowly and chronic HCV-infected patients often play a waiting game for treatment, either due to efficacy or affordability of effective treatments, putting health outcomes at risk.
Risk of HCV infection and subsequent health disparities are higher for certain populations, including low income. 30, 31 The presence of HCV infection was found to be associated with Medicaid and public insurance usage. 32 There will be a reduction in the number of low-income individuals who are uninsured, as with the Affordable Care Act there is increased eligibility for Medicaid services and coverage. 31, 33, 34 This results in a large number of HCV-infected individuals who qualify for Medicaid. 34 In addition, HCV infection screening/testing for high-risk patients is usually considered part of routine preventive services in non-grandfathered traditional Medicaid plans 15 ; the Department of Health and Human Services is encouraging HCV testing 35 and screening initiatives.
The number of Medicaid beneficiaries with HCV infection is high, and the number is rising, as the proportion of new Medicaid beneficiaries identified as infected with HCV will continue to increase. 31, 33 There are 377,000 Medicaid beneficiaries who are HCV positive (all HCV genotypes), reported in 2013. 31 In 2015, the payer forecasts that the number of HCV-infected Medicaid beneficiaries will be from 401,390 to 444,010. 31 Hence, the Medicaid population is at greater risk; treatment of HCV infection is a priority for Medicaid.
However, healthcare access to these newer, efficacious treatments is reduced, due to inadequate or lack of coverage of DAA medication. Sofosbuvir has been considered a nonpreferred drug on the tiered formularies in a majority of Medicaid programs; many states also consider liver disease severity/presence of cirrhosis as a criteria for coverage of DAA medications. 30, 36 Restricting treatment coverage has negative consequences on health of patients, public health of the population, opportunities for reduction of transmission among Medicaid beneficiaries, and treatment affordability/availability. 37, 38 Many dimensions of HCV health disparities influence access to DAA treatment, including socioeconomics, availability of/access to care, and health insurance coverage. Individuals with inadequate health insurance coverage, as often occurs with Medicaid, have a lower chance of receiving appropriate medical care, and are more likely to have poor health status. 39 Furthermore, several barriers arise when considering access to services-including high costs/low affordability of services/treatment, lack of insurance coverage of services (Healthy people, 2020).
Such barriers lead to preventable hospitalizations and negative health outcomes, delays in care, and unmet preventive services. 39 In the case of HCV patients on Medicaid, lack of coverage for DAA medications leads to cases of potentially preventable negative liver-related health outcomes, treatments for liver cancer, and liver transplantations.
Health outcomes for HCV-infected Medicaid patients are already at a disadvantage. What would happen if you introduce DAA as a treatment, compared to current options for treatment? This is further explored in this study.
Materials and Methods
The objective of this study was to evaluate the impact of HCV treatment regimens on outcomes of care for HCV-infected Medicaid beneficiaries without cirrhosis/ liver disease scarring. Specifically, this study aimed to compare what happens to a cohort of patients without cirrhosis on Medicaid, and follow such a cohort over 10 years.
A cohort analysis was performed to evaluate the changes in cirrhosis, hepatocellular carcinoma, and liver transplantation with use of HCV treatments in Medicaid beneficiaries with HCV, and was followed over a period of 10 years. The cohort of Medicaid beneficiaries used a sample generated from published literature. The target population was the noninstitutionalized Medicaid population in the United States with a diagnosis of HCV infection. The data source is from published literature 31 and publically available reports. 15 The model considered 72,164 patients with HCV with cirrhosis on Medicaid, using data from public literature estimates, 40 and age/genotype distributions of HCV. The study cohort was limited to Medicaid beneficiaries, 55 years and younger.
The National Average Drug Acquisition Cost values, as published by Mediciad, 41 as well as wholesale cost were used for medication costs of American Association for the Study of Liver Diseases and the Infectious Diseases Society of America 42 recommended treatments for HCV genotype 1a patients without cirrhosis. The treatments considered in this cohort analysis were ribavirin, peginterferon, sofosbuvir, simeprevir-sofosbuvir, sofosbuvir-velpatasvir, ombitasvir/paritaprevir/ritonavir, and dasabuvir. Furthermore, the effectiveness of each DAA treatment was extracted from published articles on clinical trials. Table 1 illustrates the data used in the cohort analysis.
These American Association for the Study of Liver Diseases and the Infectious Diseases Society of America recommended medications were evaluated in the context of a watch/wait scenario (no treatment for oncogenic disease) and peginterferon-ribavirin. Since DAAs are not fully covered for Medicaid patients due to high medication costs, peginterferon-ribavirin is considered as an alternative treatment option. Furthermore, since many providers are reluctant to treat patients with peginterferon-ribavirin due to side effects and low efficacy, a watch and wait strategy is often considered.
The cohort progressed through the natural history of HCV disease stages. The treatment is successful if the individual reaches sustained virologic response. All patients in the cohort analysis began at a baseline of HCV infection, without liver cirrhosis/scarring (F0-F3). The individual is treated, by one of the noted regimens, and either (1) reaches sustained virologic response or (2) fails to reach sustained virologic response. Patients who failed to reach sustained virologic response were modeled to be retreated in year 2; each individual in the Medicaid cohort had a 50% chance of retreatment, illustrating the implicit effects of access to care and affordability of DAA medications. If the patient reaches sustained virologic response from F0 to F3, the patient reaches a normal health status. If the patient does not reach sustained virologic response, the patient continues into disease progression stages of liver damage.
Each disease stage had a bivariate decision; the individual with liver damage may stay in the same health stage or progress. At each of the 10 years, each patient can progress from the following:
F0-F3 to F4/compensated cirrhosis liver damage state. From F4 liver damage state to decompensated cirrhosis or liver cancer. From decompensated cirrhosis state to liver cancer or liver transplantation. 43, 44 Patients who are in liver cancer state can either continue with liver cancer or move to liver transplantation state.
Thus, liver transplantation, liver cancer, and decompensated cirrhosis are endpoints in the model. Each event in the natural history/disease progression occurs on a yearly basis. All treatment-naive patients were started at the same baseline and will continue through the natural history progression.
This study was based entirely on the use of published literature and costs. These are publicly available, published sources, which omit patient-level, personal identification information. The Medicaid National Average Drug Acquisition Cost data set is an aggregated, publically available data set on costs of medications. In addition, published literatures on HCV infection were used. Since there was no risk posed to human subjects in this research, this study met the exempt status by the University of Texas Health Science Center Committee for Protection of Human Subjects.
Over the 10-year period of time, the all-cause healthcare costs in the Medicaid HCV cohort for liver-related outcomes (decompensated cirrhosis, compensated cirrhosis, hepatocellular carcinoma, and liver transplantation) that were averted by each treatment were evaluated. The Medicaid cohort's disease progression through the HCV natural stages was also determined.
Results
The cohort analysis of Medicaid beneficiaries without cirrhosis indicated that patients on DAA treatments had lower incidence of liver-related outcomes, as well as all-cause healthcare costs. Since reaching treatment success results in reaching a healthy state, only individuals who do not reach sustained virologic response are at a higher risk for liver-related conditions. Thus, when following the cohort after the 10-year period, the number of individuals and the associated costs of liver-related outcomes are low in patients on DAA treatments. Since treatment success prevents disease progression of HCV natural history, patients without cirrhosis have reduced overall disease progression; among those in the cohort who progressed to endstage liver disease outcomes, most of the cohort was in early stages. This results in overall improved outcomes, lowered medical costs accrued, and higher savings/averted medical costs.
Furthermore, the cohort analysis, presented in Table 2 , of Medicaid beneficiaries illustrated that DAA treatments resulted in the lowest number of individuals in end-stage liver disease-related outcomes, over the 10-year progression of the cohort, as in Table 2 . Approximately 600 individuals were in decompensated cirrhosis, after the 10-year time period, while with peginterferon-ribavirin treatment, there were 3334 individuals with decompensated cirrhosis.
The cohort analysis revealed that progression of the patient through disease stages is affected by the treatment choice. DAA treatments resulted in a higher number of individuals who reached sustained virologic response; as in Table 3 , within those who did not reach treatment success, DAA treatment illustrated there was a higher percentage of the Medicaid cohort that remained in earlier stage of disease. For DAA-based regimens, the number of individuals in decompensated cirrhosis progressed from *60 to 260, over the 10-year cohort analysis. In addition, as demonstrated in Table 3 , DAA regimens showed that endstage liver disease outcomes, such as liver transplantation, were low; after 10 years, the number of individuals with liver transplantation in the cohort increased by *20.
Peginterferon-ribavirin regimens showed that cohort progression toward liver transplantation increased by 97 patients, after the 10-year period of time.
Finally, considering the impact on health expenditures due to improved access to DAAs in Medicaid beneficiaries, as shown in Table 4 , Sofosbuvir-velpatasvir also resulted in the lowest decompensated cirrhosis and hepatocellular carcinoma-related healthcare cost per person, over the 10-year time frame the cohort was followed. The next treatment option that resulted in lowered negative liverrelated outcomes as well as reduced health expenditures is elbasvir-grazoprevir and sofosbuvir-ledipasvir.
Within the Medicaid cohort of HCV patients, sensitivity analysis concerning the retreatment of hepatocellular cancer during the second year of follow-up was conducted, to illustrate the effects of retreatment. The retreatment of all or none of the patients who did not reach treatment success was analyzed. The retreatment of all eligible patients (those who did not reach treatment success), illustrated higher savings/averted medical costs and improved outcomes. Thus, compared to not retreating the cohort, it is evident that there is a pattern of reduced number of negative health outcomes for patients, which arises in retreatment of all eligible cohort patients.
Discussion
This study demonstrates the importance of treatment with DAAs for patients in the early stages of the disease (without cirrhosis) to prevent cirrhosis and the negative outcomes associated with HCV infection. Furthermore, the result of this cohort analysis has many health equity implications for Medicaid beneficiaries with HCV, especially in terms of improved access to DAA medications within Medicaid.
Currently, many Medicaid beneficiaries do not have access to DAAs, as coverage is restricted toward patients with cirrhosis/liver disease. It becomes evident that the primary impact of DAAs on patients with and without cirrhosis is driven by the number of individuals in earlier stages of the disease. 45 The risk of liver-related disease is higher in patients with cirrhosis, as reaching treatment success results in continued disease progression, not normal health status; thus, the liver cancer healthcare costs are higher in patients with cirrhosis, compared to those without cirrhosis. However, this indicates that DAAs are more cost saving in the case of patients without cirrhosis (early stage). Since DAAs are highly effective, and reaching sustained virologic response results in avoidance of disease progression of HCV natural history, the costs associated with a cohort of patients treated with DAAs are low, emphasizing the importance of early treatment. Essentially, treatment and HCV disparities influence health services. Thus, the results of this study can be placed in the context of conceptual frameworks/theory of the Andersen-Aday model.
The Andersen-Aday model explains health services utilization as a function of population and delivery system characteristics. The Andersen-Aday model illustrates disparities and health equity issues in HCV treatment utilization, where age, gender, race/ethnicity, income, education, occupation, consumer behavior, place of birth/citizenship status, comorbidities predispose certain groups as vulnerable to HCV. Insurance status/coverage, regular source of care, screenings/tests are the major components of the delivery system that enable utilization of services and treatment. Along with predisposing and enabling factors, perceived/medical need affects the realized access-that is, actual use of care, which in turn improves health outcomes.
Health equity then needs to be considered in terms of access to DAAs/health services-for prescription. The implications of this analysis aids in the clarification of prescription drug coverage for Medicaid beneficiaries and current restrictions. 38 Coverage for sofosbuvirledipasvir in Medicaid patients is restricted by physician type, for 2/3rds of states. 30 Another manner for denying DAA is to restrict its prescription to specialists, and not by general practitioners or primary care physicians. 30 The 30 states that cover sofosbuvir for treatment of HCV infection have prior authorization criteria that require sofosbuvir to be prescribed by a gastroenterologist, hepatologist, or liver infectious disease specialist. 30, 36 Lack of an usual source of care can infringe on access to care and treatments. 46 Difficulties with entry to the healthcare system, as well as accessing specialist care in an available location, often occur to patients with inadequate coverage, or those on Medicaid. In certain states, coverage for DAAs is also restricted by limits on weekly refills, the investigation of prior pharmacy refill records to estimate patient adherence; these restrictions may not be feasible for patients due to transportation limitations. 36 Furthermore, the achievement of health equity for HCV patients is dependent on not limiting access to treatment based on disease severity.
The Centers for Medicare and Medicaid Services have issued a letter to states on the health disparity issues that arise with prescription coverage; the agency is concerned that managed care plans are more stringent than fee for service Medicaid regarding the coverage of DAAs. 47 The uptake of these medications is low due to the issue of affordability and coverage, especially for Medicaid patients. 37 The Medicare/Medicaid dual eligible populations, who have compounded risk factors for HCV infection due to age and low-income status, are especially at risk for reduced access to medications due to affordability.
Since the use of DAAs provides strong cost savings, states may also want to review policies and consider changing those that otherwise interfere with access, such as lack of network specialists and associated stigma from approval criteria. As shown in a study of HCV screening and treatment in southeast Michigan, Medicaid patients who screened positive for HCV were more likely to have inadequate care coordination and linkage between providers. 48 The goal of eliminating HCV is precluded by screening, delivery coordination, and disparities in clusters of vulnerable populations. The combination of a scale up strategy with a physician-based promotion of DAA treatment as prevention would address gaps in care. 49, 50 The advent of new pangenotypic treatments, such as sofosbuvir-velpatasvir, and coordination among Medicaid stakeholders and multiple payers create a direction toward improved care delivery and a quick scale-up strategy for treatment. 50 Patients are often facing drug authorization issues through Medicaid 30, 46, 51, 52 ; due to issues with authorization and coverage, the public health of the community is at risk, with the avoidance of the medication costs associated with a cure for the viral infection, 38 the public health benefit of addressing health disparity in hepatitis C needs to be balanced. 50 Furthermore, unintended consequences in the entire healthcare system may be a result of changes in pharmacy benefits for Medicaid patients. 46, 50 In addition, with changes in approval of coverage, costs of physician paperwork burden for prior authorization, documentations of treatment history, and appeals of medical necessity will change, further affecting delay in treatments and potential public health benefit from reduced transmission and individual health outcome risks.
The results of this study indicate that despite real-world variation in treatment discontinuation, implementation of coverage for DAAs results in savings for Medicaid. One of the biggest critiques of Medicaid coverage for DAAs is that patients must be adherent to treatment regimens although there is no strong evidence that discontinuation affects outcomes, in HCV interferon-based treatments 46, [52] [53] [54] [55] [56] ; currently, an area for future research is to evaluate whether this is consistent in oral DAA medications. 46, [52] [53] [54] [55] [56] The sensitivity analysis conducted in this study shows that even when there is 8.3% treatment discontinuation, there is still overall benefit to Medicaid, as the benefit of treatment is averaged out.
The Office of Health Equity has recognized the importance of the disparities that exist within HCV and the contribution of this disease toward advanced liver disease outcomes, with the development of the Hepatitis C-Advanced Liver Disease Disparities Dashboard, using data from the VA system. 57 The dashboard allows for views of vulnerable areas for targeting interventions to improve health disparities within the VA population. 57 Building on this work with additional vulnerable populations, especially Medicaid and dual eligible Medicare/Medicaid beneficiaries, would aid in increasing the coordination among siloed physician groups and payers, as well as the availability of evidence for decision makers. Increasing access to information regarding the impact of disparities in care and treatment would improve targeting of care.
Conclusion
The Medicaid population is at a high risk for HCV infection, due to socioeconomic burdens and lack of financial resources. 30, 31 In this study, we have discussed how increased coverage of DAA treatments can improve efforts toward reduced risk of long-term negative health outcomes, especially liver cancer, for patients with HCV. Efforts toward increased DAA coverage and affordability are urgent, as early treatment of individuals with early stages of HCV can aid the burden of disparities. The high prevalence in HCV, especially in vulnerable and disproportionately affected populations such as Medicaidinsured African Americans, Asian Americans and Pacific Islanders, Hispanics and Latinos, and Native Americans, means that this disease is a challenge from both health outcome and cost long-term perspectives (health affairs).
With the looming impact of DAA treatment on Medicaid and health disparities, this study provides a foundation for the coordinated actions of decision makers, providers, and Medicaid analysts to value treatments in the context of long-term prevention, and management of HCV toward the goal of health outcomes and equity. 58 
